Adult-onset adrenoleukodystrophy is a rare x-linked inborn error of metabolism occurring predominantly in males with onset in early 30s. Here, we report a 34-year-old male with first signs of disease in early 20s manifesting as a pure psychiatric disorder. Prior to onset of neurological symptoms, this patient demonstrated a schizophrenia and bipolar-like presentation. The disease progressed over the next 10-13 years and his memory and motor problems became evident around the age of 33 years. Subsequently, diagnostic testing showed the typical magnetic resonance imaging and lab findings for adult-onset adrenoleukodystrophy. This case highlights adult-onset adrenoleukodystrophy which may present as a pure psychiatric disturbance in early adulthood and briefly discusses the prolonged time between the onset of psychiatric symptoms and the onset of neurological disease.
Introduction
X-linked adult-onset adrenoleukodystrophy (ALD) is a rare genetic disorder of peroxisomal fatty acid beta oxidation which results in the accumulation of very-long-chain fatty acids (VLCFA), defined as having greater than 22 carbons. [1] [2] [3] The deposition most notably affects the central nervous system (CNS), adrenal cortex, and testes 4 which brings about the various clinical symptoms seen in this disorder, depending on the site of deposition of VLCFA.
ALD has three main phenotypes: Addison-only, adrenomyeloneuropathy, and cerebral ALD. 5 Cerebral ALD can be further divided into childhood and adolescent/adult onset. Of these two, the adult form of cerebral ALD is the more uncommon presentation of the disease and is known to have psychiatric manifestations that precede the neurological deterioration seen in this disorder. 4 These psychiatric symptoms are possibly the result of deposition of VLCFA in the brain and secondary neuronal injury. This case report discusses these psychiatric and neurological manifestations of the adult cerebral form of ALD.
Case report
This is a 34-year-old male who presented primarily with behavioral and psychiatric problems which later progressed to involve memory and motor functions.
Behavioral
Prior to the start of his psychiatric problems, he had behavioral issues which included serving jail time for trespassing, car accidents, and parking ticket violations. He also had a history of illicit drug use. He was fired from his job as a programmer that resulted in him losing his apartment and becoming homeless.
Psychiatric
His mother reported that his psychiatric problems started in his early 20s and he subsequently received a diagnosis of schizophrenia. His roommate in college described him as "manic." The patient reported having racing thoughts but denied any hallucinations, depression, or anxiety. His mother also reported poor upkeep of his previously clean apartment and described his behavior as belligerent and demanding.
He subsequently also received a diagnosis of bipolar disorder in addition to the diagnosis of schizophrenia. He was prescribed risperidone 2 mg PO QHS and mirtazapine 15 mg PO QHS, but compliance could not be verified.
Substance abuse
Approximately the same time of receiving this diagnosis, he reported the use of multiple recreational drugs: nicotine, marijuana, K2, cocaine, and methamphetamine. His last use was prior to his admission to the emergency psychiatric unit, approximately 1 year ago.
Upon admission, he was observed to be responding to internal stimuli with delusional and disorganized thought processing. He continued to display patterns of odd thinking with ideas of reference (the television was talking to him), grandiose delusions (believed he had special spiritual powers), auditory hallucinations, thought blocking, and disorganized speech. Importantly, he also displayed signs of disinhibition.
Memory
Collateral information obtained from his mother suggested that his memory problems began approximately a year ago. 
Physical exam
His neurological problems also started a year prior to presentation with initial symptoms of urinary and fecal incontinence. This progressed to difficulty walking and an ataxic gait. He was unable to perform tandem gait, and spasticity was noted in upper and lower limbs. Subsequently, he also developed speech abnormalities where his speech was strained, loud, and slow in rate. He was also noted to have anisocoria.
Of note, he developed stereotypical, circular head motion after starting on 50 mg of Risperdal Consta. His medication was therefore switched to quetiapine 400 mg PO QHS, but this did not stop the head movements.
Reflexes
Positive Myerson's sign and Babinski sign. Hyperstartle was present. Palmar grasp was negative.
Magnetic resonance imaging
Confluent deep white matter T2 hyperintensity involving bilateral occipital and parietal lobes, splenium of corpus callosum, bilateral occipital medial subcortical U fibers, posterior limb of the bilateral internal capsules, deep white matter adjacent to the body of the bilateral lateral ventricles, pyramidal tracts, bilateral middle cerebellar peduncles, and the bilateral cerebellar white matter were observed. Gray matter and deep nuclei were preserved. There was mild heterogeneous enhancement at the T2 hyperintensity of the deep white matter of the left frontal lobe adjacent to the left lateral ventricle and T2 hyperintensity of the bilateral cerebellar white matter. The pattern was consistent with demyelinating disorder of ALD. 
Diagnosis
His current diagnosis is frontal lobe dementia due to X-linked ALD. Diagnosis was suggested by history, physical exam, magnetic resonance imaging (MRI) pattern of demyelination, and confirmed by gel electrophoresis for VLCFA.
Discussion
Although previously thought to occur only in childhood, cerebral ALD is now known to have an adult form which has a different presentation from its childhood-onset counterpart. The childhood form of ALD is predominantly neurological and rapidly progressive leading to complete disability and death within 3-5 years of symptom onset. 6, 7 In contrast, the adult form follows a more indolent course and can manifest first with non-specific psychiatric disturbances that may mimic the symptoms of schizophrenia and the manic phase of bipolar disorder. 8 ALD has considerable clinical heterogeneity and may present with any combination of psychiatric, neurological, adrenal, and gonadal symptoms. However, the majority of patients with ALD will have neurological problems at some point during the course of their illness. 9, 10 ALD follows an X-linked recessive pattern of inheritance, and thus, the majority of patients who have this disease are males. Of note, 20%-50% of women heterozygous for the ALD gene defect have a mild form of the disease with neurological problems that can be misdiagnosed as multiple sclerosis. 11 Most cases of ALD are diagnosed based on neurological symptoms, which typically appear 3-4 years after the development of psychiatric symptoms. 4 Interestingly, the neurological symptoms (urinary and fecal incontinence) that prompted diagnosis of ALD in our patient developed almost 10 years following the onset of psychiatric symptoms. After receiving the diagnosis of schizophrenia and bipolar disorder in his early 20s, the patient was followed in an outpatient psychiatric setting, and to our knowledge, there were no reports of neurological symptoms prior to his current presentation at our facility. Although the course of his psychiatric illness was longer than usual for ALD, published literature suggests that his refractoriness to treatment and aggressive clinical course were typical for psychiatric symptomology of ALD. 4 The case is further complicated by the concomitant drug abuse which makes it difficult to tease apart the etiology of his psychiatric symptoms. An important question to ask then is as follows: "Were his psychiatric symptoms due to drug abuse or due to schizophrenia?" or "Were these symptoms due to ALD all along?" For our patient, it could not be verified whether the drug abuse or psychiatric symptoms came first. Nonetheless, the fact that the patient continued to experience the classical symptoms of schizophrenia such as ideas of reference, grandiose delusions, and auditory hallucinations even after the cessation of illicit drug abuse led to his initial diagnosis of schizophrenia. Because his symptoms started much in advance of his neurological deterioration and responded only partially to antipsychotic medications, a diagnosis of ALD with comorbid schizophrenia can also be argued for. However, it is important to note that in the majority of cases, the psychiatric manifestations in ALD may be clinically indistinguishable from a pure psychiatric disorder. 4 The only definitive treatment option for ALD is bone marrow transplant to provide the patient with healthy cells that have the ability to breakdown VLCFA. 12 It must be noted that bone marrow transplant as a treatment option is less effective once the individual has developed neurological symptoms. 13 Thus, early diagnosis and genetic testing of family members are crucial to successful treatment. 4 The treatment of psychiatric symptoms is complicated by atypical responses in patients with metabolic disorders. Furthermore, these patients are more vulnerable to developing side effects. 14 Our patient developed the side effect of stereotypic head wringing movements after administration of antipsychotic medication. However, it is also possible that these movements were a manifestation of his disease process or a result of his psychiatric condition.
The initial investigation for suspected ALD is an MRI. 15, 16 In addition to their presence in ALD, T2-weighted densities are also found in multiple sclerosis, 17 Krabbe disease, 18 metachromatic leukodystrophy, 19 vitamin B deficiency, 20 and solvent abuse. 21 Since these metabolic disorders are also associated with psychiatric symptoms, 22 they must be ruled out by measurement of VLCFA in the serum which is the definitive diagnostic test for ALD. 23 In conclusion, while it is important to assess psychiatric patients for inborn errors of metabolism at the time of their presentation, it may also be worthwhile to consider a comorbid diagnosis especially when the time from psychiatric to neurological symptoms is longer than expected. Assessment in all suspected cases should include a family history of neurological and psychiatric disorders, a neurological exam, and neuroimaging if indicated. Things that warrant further assessment for metabolic disorders in a young adult psychiatric patient are refractoriness to treatment, unusual side effects to psychotropic medications, development of neurological symptoms, or cognitive decline. Because metabolic disorders such as ALD are considered to be childhood diseases, they can often go underdiagnosed in adulthood. Early diagnosis of adult cerebral ALD has important implications for genetic counseling and treatment options.
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